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bt ABSTRACT

This memorandum presents countdown hold statistics for
the Saturn I and IB, Atlas SLV-3, Gemini, and Thor=-Delta launch
vehicles. These statistics have been gathered and reduced to
provide background material for the consideration of "Launch-on-
Time Strategies," and the effects of built-in holds and varying

launch window sizes on launch availability.#¥

It was found that the rate of occurrence of unscheduled
holds increases as T - O is approached., The expected number
of holds (including scrubs) in the last ten minutes of countdown
ranged from 0,6 for Gemini to 1.0 for Atlas. The median indivi-
dual hold length during the last ten minutes, ranged from seven
minutes for Geminl to twenty-seven minutes for the Saturn I and IB's.

Several launch attempts were required for some vehicles.
Considering the average of the vehilicle types, 75% of the launch
attempts actually launched. Of those that launched, 35% launched
on time (i.e. had no unscheduled holds). With scheduled holds (of
sufficient duration) at ten minutes before ignition, 63% of the
vehicles actually launched could have been launched on time.

*Launch availability is defined as the probability of
being ready to accomplish the mission during the assigned
launch window.
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The principal causes of countdown discrepancies were:

% of Holds % of Scrubs
Ground Support Equipment 18% 23%
Launch Vehicle Propulsion 17% 23%
Guidance and Control 16% 31%
Range 11% -

Except for Atlas, for which no detailed data was
available, there wags no direct indication that any discrepancies
can be directly attributed to holds.

Projecting this data, it appears that for a launch
vehicle such as Saturn V, which has a very limited hold capa-
bility at countdown times later than 20 minutes, that a combination
of built-in holds ({the last as late in the countdown as possible)
combined with several launch window panes (to allow for recycling)
would be highly desirable for increasing launch availability.
Saturn V recycles to a countdown time of 20 minutes before ignition,
if a discrepancy occurs in the last 20 minutes. Considering the
median hold times found for Saturn I and IB, it appears that two
launch window panes approximately one hour apart would be a
reasonable compromise between (1) increasing launch availability
and (2) minimizing range, trajectory, and software complexity,
and payload loss.
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TECHNICAL MEMORANDUM

I. INTRODUCTION

This memorandum presents countdown hold statistics
for several launch vehicles, These statistics have been gathered
and reduced to provide background material for the consideration
of "Launch-on-Time Strategies", and the effects of built-in
holds and varying launch window sizes on launch availability.*

II. VEHICLES CONSIDERED

Countdown data was obtained from Reference (1) and is
summarized in the form of input matricegs in Tableg 12 through 14
for the following launch vehicles:

Saturn I and IB

Titan II Gemini Launch Vehicle

Atlas SLV-3 7000 Series (Air Force Standard Launch Vehicle)

Thor-Delta Vehicles (1-21)

These vehicles, all launched from the Cape Kennedy area, could
be considered to be representative of countdown holds associated
with space launch vehicles, and range and ground support systems.

IIT, THE NATURE OF A COUNTDOWN

The countdown 1s a step~-by~step process performed in
accordance with a preplanned time schedule whose performance goal
is to launch the space vehicle within a specified launch window
without any undiscovered critical malfunctions. The time schedule
is measured in terms of T-time, that is, T minus the time prior
to initiation of space vehicle 1liftoff. The countdown serves
not only to prepare the space vehicle for launch, but to syncro-
nize launch preparations with supporting operations such as track-
ing, communications and range safety. It is also designed to
assure maximum safety of ground and flight crews while the launch
preparations are in progress.

¥Launch availability is defined as the probability of being

ready to accomplish the mission during the assigned launch
window.
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The duyration off the countdown 1s detcermined by the Line
required to complete the "critical-path" of operations. Criticale
path can be defined as that particular sequence of operations
whlch has the greatest negative or least positive activity
slack. Only actions in the critical-path are considered criti-
cal to the progress of the countdown. If a discrepancy occurs
in one of the operations proceeding in parallel to the critical-
path, the countdown will normally proceed while the discrepancy
is beilng corrected. A hold in the countdown will be called when
an anomaly occurs in one of the critical-path operations. Pro-
blems occurring in the parallel operations only cause a hold
when the time to effect repalrs becomes so long as to impact
the critical-path of operations (in effect, the parallel operation
becomes part of the critical-path).

During a hold in the countdown, further problems
may occur 1in the area of those parallel operations which are
continuing, or due to failures (human and equipment) occurring
in equipment on standby operations., In all probability, these
discrepancies would have occurred anyway and are not directly

related to the hold. Most anomalies, however, seem more likely
to occur during change-of-state trangients occurring during an
event rather than during standby operations., The effect of a
hold on reducing launch availability by inducing discrepancies
in other events, is probably much less than that which might

be anticipated from examining only the rate-of-occurrence of
holds during countdown,

The countdown-hold data contained in Reference 1 does not
give the T-time when the anomaly causing the hold first occurred
(it just gives the T-time the associated hold was called). Other
information such as the relationship between one hold and another,
whether the discrepancy occurred during a transient in the count-
down or during a steady~state condition, or information on sec-
ondary activity occurring during the hold, also is not contained
in Reference 1, Nevertheless, sufficient information is avail-
able to roughly compute the statistics of when the holds do occur,
how often they occur, the length of time necessary to correct or
compensate for the malfunction, and how often and when scrubs
are called. These and similar statistics which are useful in
planning countdown strategy and in giving gross predictions of
launch availablility, have been computed and are presented in
this memorandum, *

*¥Unfortunately, the data is probably too heterogeneous,
biased, and uncontrolled to warrant much more than a
description of broad operational characteristics and
trends. That 1s to say, the associated confidence limits
for the resulting statistical curves can be expected to
be large.
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Because there are so many statlastical questiong that
can be asked from a given set of data, and such a large quan-
tity of data, it was decided to prepare a simple computer program
to logilcally extract the desired information from the data matrices,
and compute the associated cumulative probabilities. This was done
by Mrs. Sheryl Watson. The curves in this memorandum are based upon
thils program. Following the suggestion of Mr, A. P. Boysen, Jr.,
cumulative distribution plots have been chosen for statistical pre-
sentation of the basic data, because all significant statistical
information on the point in question can be directly discerned from
these plots, or can be derived from them.

V. TIMES IN COUNTDOWN AT WHICH UNSCHEDULED HOLDS OCCUR

A. Time of Holds

Figure 1 is a plot of the distribution of the times in the
countdown* at which holds occur.

B. Holds Expected

Figure 2 presents the expected v
as a function of countdown time.

C. Hold Rates
Figure 3 presents hold rates.

D. Time of Last Hold

Figure 4 gives the cumulative distribution of the times of
the last hold in a launch countdown,

E. Time of Scrub

Figure 5 presents the cumulative distribution for the times
of scrubs.

VI. LENGTHS OF HOLDS (Time to Correct Discrepancies)

A, Total Hold Length

Figure 6 presents the cumulative distribution plots for the
total hold lengths,

B. Lengths of Individual Holds

Figure 7 presents cumulative distribution plots for lengzi.
of holds (scrubs are considered to be holds of large
lengths) for various intervals in the countdown,

*¥For the remainder of this memo, T will designate time 1in
countdown in minutes before launch.
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C. FExpected Value of Remaining Unschedule Hold Time

Figure 8 presents the expected (average) value of the
remaining unscheduled hold time for Saturn I and IB, the only
vehicles without scrubs 1n the latter portion of the countdown.

VIT, HOLD REASONS

Table II orders the hold data of Table I by causes,
Table IITI relates these reasons for holds to frequency of occur-~
rence. Clasgsification of holds by causes 1s somewhat arbitrary,
the category in which a hold is placed being dependent upon the
choice of classification. 1In addition, the basic data is some-
what incomplete, and a single failure may involve several areas.

VIII. NUMBER OF HOLDS

Table IVA relates the number of unscheduled holds to the
vehicle number in the series. Tables IVB and IVC presents prob=-
abilities for the number of holds per launch and scrub.

IX, LAUNCH SUCCESS

Launch Success data is summarized in Tables V and VI,
X. CONCLUSIONS

A, Time of Holds and Hold Rates:
(1) Distribution of the times of holds

Because the curves of Figure 1 are roughly
straight lines on semi-log paper, a reasonable approximation
to the distribution of the times of occurrence of unscheduled
holds is of the form:

P(Time of Hold <T) = a + ¢ log (T+b)*

where: T = Countdown time~ minutes before launch.

From the curves we observe that 50% of the holds occurred at
a time less than 25 minutes before launch for Saturn, while
for the much simpler Thor-Delta vehicle the time is 2.5 minutes.

(2) Number of Holds Expected in Remaining Countdown

A related, but much more useful plot 1s the
expected number of holds (n) during the remaining countdown as

*Where appropriate, approximate formulas will be presented
which can be useful in attempting to macromodel a
countdown,
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a function of ', 'This 1a obtalned by integrating the cnsemble
average of all unscheduled holds during both launches and scrubs.,

Thus:

for all v ¢ T
such that n(t) > 0

where n(t) = number of holds occurring, for all launch attempts,
at countdown time, 1.

N(t) = number of launch attempts operative at time t

The curves for the expected number of holds remaining
at time T are given in Figs, 2a-2d. It is interesting to note
from these curves that for Saturn at 19 minutes before launch,
and for Atlas at 10 minutes we still expect one hold. By
contrast, Thor has less than 1 unscheduled hold expected for
the entire countdown while Gemini has a expected value of 1.0
hold at the start of the countdown,

The following formulas were found to give reasonable
approximations to this data:

Saturn: n = 0 + 1.1 [log (T+2.2) - log 2.2] (base 10)
Atlas: n =0+ 1.2 [log (T+1.6) - log 1.6]
Gemini: n = .14 + .30 [log (T+.31) - log .31]
Thor: n = .09 + .53 [log (T+.82) - log .82]

(3) Holds Rates: (Holds/min)/vehicle

The rate of occurrence of holds can be obtained
by differentiating Equations (3) to obtain:

Saturn ir_l = ._._._:&_ (q)
daT T +1
2.2
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Atlas: %- = ~T*§§——
5+ 1
.. dn Ju2
Gemini: U + .ll‘l’g(T) (4)
—_—+ 1
031
Thors 98 - =228 . o9f(m)
aT T .
82

These rates are presented in Fig., 2. Observe that
all the vehicles have terminal hold rates in the order of .3
holds per minute of countdown, plus delta functions assoclated
with holds (or scrubs) occurring at ignition,

The rates obtained from these formulas are in good
agreement with rates obtained by considering the number of
holds present in a given time interval,.

The hold rates shown are the average which occur as
the countdown proceeds and are not to be taken as the rates of

occurrence of discrepancies during holds. This will be discussed

in more detail in Section X-M.

B. Time of Last Unscheduled Hold:

As the curves of Figure 4 are nearly stralght lines
when plotted on log-probability paper, the time of the last
unscheduled hold appears to be roughly characterized by a log-
normal distribution. From the curves, 19% of the Geminis, 36%
of the Thor-Deltas, 48% of the Saturns and 62% of the Atlas
launches had holds at countdown times equal to or less than 10
minutes before launch, This is not intended to indicate that
all these holds were due to discrepancies that first occurred
at these times, but rather that holds for discrepancies were
called at these times. As indicated earlier, insufficient
information is available to ascertain the original time of
occurrence of these discrepancies.

C. Time of Scrub:

Because the curves of Fig. 5 are roughly straight
lines on semilog paper, the time of scrub curves can be
approximately written 1n the form:

P (Time of Scrub < T) = a + ¢ log (T + b) (5)
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From Fig. 5, we observe that the scrubs for Saturn occur much
earlier 1n the countdown than for Gemini. However there is
insufficient data here to be much more gpecific than this,

D. Total Hold Time: |

The curves of Figure 6 (appearing roughly as straight
lines on probability paper) indicate that the total hold times
for launches are approximated normally distributed. From the
curves roughly 5% of the Atlases, 15% of the Saturns, 52% of
the Thors and 58% of Gemini Launches can be expected to be on
time. These figures are summarized in Table V.

E. Lengths of Holds:

From Figures 7 we observe that an approximation for
the cumulative distributions of the length of holds 1s of the
form:

P (Hold Length < H) = a + b ¢ + dif (6)
2 2
14 (& 1
) 1 L-—H)

Where H., may be interpreted as a break point in the hold lengths,
which séparates the longer holds for action items and repalrs
from the shorter holds for checks or decision making.

We also observe that the longer holds occur earlier
in the countdown, while Jjust before launch we have a larger
number of short holds for the purpose of checks and calibrations.

F. Expected Value of Remaining Unscheduled Hold Time:

From Fig. 3 we observe that the rate of occurenceg of
unscheduled holds lncreases as we approach launch, However,
from Fig. 7 we see that the holds lengths become somewhat smaller
during the terminal portions of the countdown. As the two phenom-
ena gre opposing, it is not immediately clear how the remaining
hold time behaves as a function of countdown time, To obtain a
better picture of this, the expected (average) walue of the
remaining unscheduled hold time for the Saturn vehlcles is
presented in Fig. 8. Saturn was chosen for presentation, as
it is the only vehicle not having scrubs (holds of very large
duration) late in the countdown. It 1s observed that for
Saturn, the hold rate dominates over the hold lengths in deter=-
mining the form of the curve,
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G, Hold Reasons:

From Table III, the princilple reasons for unscheduled
holds are:

Ground Support Equipment - averaging 18,1% of the
holds (Propellent Loading 7.0%, General 11.1%)

Launch Vehicle Propulsion System - averaging 16.6%
of the holds.

Guidance and Control - averaging 16.2% of the holds

Range - averaging 11.1% of the holds
H. Number of Holds:

The average number of holds per launch (referring to
Table IVA) ranged from 0.4 to 4 depending on the launch vehicile.
The average of the vehicle-averages is 1.8. The average for
all the launches considered is 1,1,

I. Launch Success:

Referring to Table V, we observe the following per-

centages (obtained by averaging the results for the four
vehicles):

Attempts actually launched: 75%
Launches launched on time.* 35%

5% of vehicles brought to launch scrubbed at launch.
J. Effect of Built-in Holds:

As indicated in Table V, if there were sufficient
distributed holds of long enough duration during countdown, the
last occurring at T = 10 minutes, the % of launches launched on

*Atlas and Thor did have distributed built-in (scheduled)
holds (not shown in the basic data) for catch up purposes
in their countdown. However, for the purposes of this
memo, only launches without unscheduled holds will be
considered to have launched on time.
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time could be raised from 35% to 63%.*% With a built-in hold
at T = 1 minute, the launches launched on time could be raised
to 91%. This assumes no discrepancies (having holds exceeding
the end of the hold time) occurred during the last hold. As
5% of the vehicles brought to launch scrubbed at launch, this
indicates that the best that could be done with built-in holds

in achieving launch-on-time is in the order of 95% of the launch
attempts.

K. Number of Launch Attempts Required for Launch:

Table VI presents statistics on the number of launch
attempts required for launch. It indicates that (taking the
average for the vehicle types) 73% of the vehlcles launched on
the first attempt. Of those that scrubbed on the first attempt,
75% launched on the second attempt. Thus it appears that, in
general, a scrubbed vehicle is as good a candidate to launch as
a fresh one. Of those vehicles which did have a second scrub,
all the second scrubs occurred closer to launch in the countdown
than the first scrub.

L. Causes for Scrubs:

Table II present detailed hold informatien by causes,
ordered by time in the countdown, It will be observed that
the principal causes for scrubs (X's) are discrepancies in
Guidance and Control (31%), ground support equipment (23%), and
vehicle propulsion systems (23%). Observe that all these scrubs
oecurred at or near ignition. The major cause of the Guidance
and Control scrubs is gyro drift problems (usually apparent
carlier in the countdown),.

M., Fallures Induced by Holds:

Fig. (3) presents hold rates in terms of average holds/
minute of countdown time. These rates only apply as the count-
down proceeds and are not directly applicable during holds. Two
natural questions arise: (1) do secondary discrepancies occur
during holds and (2) do later discrepancies arise due to the
extended countdown duration incurred by previous holds?

In answer to question (1), though a hold for one cause
is often used to catch up on latent discrepancies due to other
causes, there is no direct evidence in the data indicating that
new discrepancies arise during a hold. The only indication in
this direction at all, is the scrub of Gemini GT=-5 in which

*Actually with a built-in hold at T = 10, some of the dis-
crepancies for which holds were called later could have
been corrected at this time, so that this percentage
figure is probably on the low side.
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protlems wlth weather, tracking and spacecraft telemetry were
2ll simultaneously present, despite a 21 minute hold to attempt
to rectify them.

The second question can be approached as follows.
Referring to Table IVC, we observe that except for Saturn I,
instead of holds inducing further holds eventually resulting
in scrubs, 50% or more of the scrubs occurred on the first
hold. Referring to Table IVB for launches, we observe that
for Thor-Delta and Gemini, that the probability of the occur-
rence of holds decreases monotonically with n; in fact the
probability that a second hold occurred given that one hold
occurred was zero for Gemini, For Saturn and Atlas, this sec-
ond question can be approached by studying Figure 6. Observe
that the total hold time distribution for Saturn launches is
very close to a (truncated) normal distribution. This suggests
that many uncorrelated causes go into making up this curve.

It also indicates that the rate of "hold time fall off", on
both sides of the mean, is the same. However, if increasing
the countdown (as a result of holds) causes an increase in the

discrepancy rate, one would expect that the curve to the right
A A maonay 11 A

~0 -~ T3 e s !/ > s - 1 I o . o .
1 TnC mean wou.ld tcud upward \L'@ﬁultl(lg 111 a4 SKewed distripu=-

tion). This does not occur on Saturn, but remarkably enough
does occur on Atlas, where there is a distinct break in the
distribution curve near the 50% point. In addition to these

indications, examination of available data has failed to indi-
cate any discrepancies that could be directly attributed to
the extended countdown length assoclated with earlier holds.

Thus, except for Atlas* for which we have no detailed
data, there 1s no direct indication that any discrepancies can
be directly attributed to holds. Therefore there is also no
direct indication that built-in holds incur substantial discrep-
ancies either directly or by extending the countdown time,

N. Projection of Results to Other Vehicles

Projecting this data, it appears that for a launch
vehicle such as Saturn V, which has very limited hold
capabllities at countdown times later than 20 minutes
before launch, a combination of built-=-in-holds (the last as

*Computation of the conditional probabilities P(hold
later in countdown | hold earlier in countdown), for
Atlas and Saturn, tends to substantiate that the holds
are uncorrelated.
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late in the countdown as possible) combined with several

launch window panes (to allow for recycling) would be

highly desirable for increasing launch availablility. Saturn Vv
recycles to a countdown time of 20 minutes before ignition,

1f a discrepancy occurs in the last 20 minutes. Considering
the median hold times found for Saturn I and IB, it appears
that two launch window panes approximately one hour apart would
be a reasonable compromise between (1) increasing launch avail-

ability and (2) minimizing range, trajectory, and software com-
plexity, and payload loss.

0. Correlation of Unscheduled Holds with Countdown
Activities:

No attempt has been made in this memo to correlate
the occurrence of unscheduled holds with countdown activities,
However, for better comparison between vehicle types, and as
an aid in projecting the data to other vehicles, 1t would be
helpful to normalize the countdown time with respect to criti-
cal countdown activities, such as the initiation and completion

of propellent loading, and the start of the final launch sequence.

XI. SUMMARY

A statistical analysis was made for countdown hold
data obtained from Saturn I and IB, Atlas SLV-3, Gemini and
Thor-Delta Vehicle launches and launch attempts. This analysis
was performed to provide background material for the considera-
tion of "Launch on Time Strategies,” and the effects of built-
in-holds and varying launch windown sizes on launch availability.
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Principal results are:

Launch Succesgss and Hold Occurrence

Average No,

% Attempts % Launches of Holds/

Launched on Time Launch
Saturn I and IB 87 15 2.3
Atlas SLV-3 67 5 2.0
Geminl 75 58 0.6
Thor=Delta 72 52 0.4

Hold Lengths

nnt BTvonr~rada’d her T Aas s

Expected No.
of Holds in
Last 10
Minutes

0.7
1.0
0.6
0.7

Total Hold Length Median Hold Time for
ual

iy Y
0 AaClCUcTU Uy ifiuivid

95% of Launches

Saturn I and IB 190 mins. 27 mins, for T <
35 T >
Atlas SLV-3 130 15 T <
66 T >
Gemini 30 7 T <
23 T >
Thor-Delta 40 15 T <
15 T >
Principle Causes of Discrepancies
Holds Scrubs
Ground Support Equipment 18% 23%
Launch Vehicle Propulsion System 17% 23%
Guidance and Control 169 31%

Range 11% -

10 mins,
10

40
40

30
30

10
10
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It was found that the variation of the rate of occur-
rence of holds as a function of countdown time, T (minutes

before launch), was similar for all these vehicles. A composite
approximation is: .

Average Number of Holds per Minute of Countdown Time

=~ 0,05 S(T) + -%‘;%,

where the delta function is associated with the fallures at
ignition.

From the available data (except for Atlas for which
we have no detailed information) there is no direct indication
that any discrepancies can be directly attributed to holds.
Therefore, there i1s also no direct indication that built-in

holds incur discrepancies either directly or because they
extent the countdown time.

o i}c 1f4\
o . B ST o
bjh

201&—WBG-Vh W. B. Gevarter
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[ " .
N ' _TABLE (A
JoB ° SBWBG -. . BASIC COUNTDOWN HOLD DATA
SATURN-I AND 1B SERIES
VEH NO ATTEMPT LAUNCH=1 HOLD NO TIME/CD* LENGTH® REASON
- "SCRUB=Q-~M mmmrm e T LT T TmeT
1. l. 1. ' l. 120.00 ~ 32.00 WEATHER
) 1. 1o 7T 2 T T 30.007 77T 34, 00“"’wEATHER“"*"“'*“““
2. l. l. l. 10.00 30.00 RANGE
3. 1. l. T T le T 75400777 45.00 7 POWERTT Tt
4, le l. 1. 100.00 2C.00 GUIDANCE - CONTROL
4. 1. le 2. 77777 65.00 7TT40.00 T TELEMETRY T
4, 1. l. 3. 19.00 42.00 PROPELENT LOADING
5 1T 0 T T T 1e 77550460 77T 3,00 7T RANGE T '
5. l. 0. 2. 520.00 17.00 POWER
5, 1. 0. T T T T3, T 430,007 727.00 7 T GUIDANCE = CONTROLU
5. le 0. 4. 260.00 20.00 PROCEDURE
5. 1. Co T TS, T 240,007 TTT248.00 T PROPELENT LOADING T
5. _ 2. 1. 1. 13.00 61.00 RANGE
6. 1. 0. 7 Tle T 7795.00 128.00 ~ VEH PROPULSION SYS~™
6. l. 0. 2. 545.00 25.00 POWER
6 1. . T3, 77115400 7T T =C.01 T TVEHICLE T T T
6. 2. l. l. 85.00 38.00 GUIDANCE - CONTROL
6. 2. 1. TR T T 70.007T 760,007 T PROPELENT LOADING
6. 2. l. 3. 4.00 1.00 PROPELENT LOADING
6. 2. 1o 7T Ty T T T 04687 TTTT75.00 7 TGUIDANCE —- CONTROL
7. l. 1. 1. 245.00 69.00 VEHICLE
7. 1. 1. 2,777 7730.00 7 T T 4.007 T VEH PROPULSION SYS”
7. l. 1. 3. 12.00 20.00 VEHICLE
7- 1. 1. T4, T 5,007 “49,00 TTRANGE T TS
8. l. l. 0. 0. 0. NO HOLDS OCCUR
QT T LT T L. 30.00 ~ 7 30.00 " POWER - e
9. 1. l. 2. 26,00 67.00 POWER
— 10T T 1777710 T Qe T Qs 7 NO HOLDS OCCUR
201. 1. 1. l. 266.00 30.00 GRND SUPPORT EQUIP
261 1. ) T 2. 90.00 TU73C.00  VEH PROPULSION SYS
201. le 1. 3. 30.00 78.00 PRGCEDURE
201. 1. 1T TR, T 4,007 773,000 T VEH PRCPULSIGN SYS
201. 1. 1. 5e 5.50 31.00 VEH PROPULSION SYS
- TTR202eTTTTT Tl TS T L, TT545,00 777 60.00 T GRND SUPPORT EQUIP
202. l. l. 2. 424,00 4C.00 GRND SUPPORT EQUIP
202. 1 Tl,TTTTTTI3,7 720400 U T7TT41.00 T TRANGE Co ‘ '
202. le l. 4, 3.00 4.00 POWER
T TTTTTTT203, T T Tl Tl T T e T T 7715400 77124500 T PAYLOAD S o T T
203. 1. 1. 2. 5.00 . 88.50 PAYLOAD
2G3. 1. Tl T U3 T T 3,00 77 T 2.00 0 RANGE Tt e

o - o —— i 1 ot Syt i s r U N T I -

*COUNTDOWN TIME GIVEN IN MINUTES BEFORE LAUNCH HOLD LENGTH IS IN MINUTES
**MINUS SIGNS IMDICATE A SCRUB OCCURS ON THAT HOLD




CASE _.

CASE .

. e S ~ ./
JC8 S0WEG
* TARLE I3 ~ BASIC COUNTDOWN HOLD DATA
L ]
ATLAS SLV-3
e e e e e L e - . X e S, e
VEE NG ATTEMPT LAUNCH=1 HOLC NO TIME/CD LENGTH REASON
e e+ = e e e = e SCRUB =G . . e e - .
T101l. 3. l. 1. 175.00 63.C0 NC DATA FOR CASEC
1101 e Be e 26 L. T70.00 ~.28.00. . NC.DATA FOR CASE .
7101. 3. l. 3. 12.50 29.00 NO DATA FOR CASE
—e 101, 3. la e 4. s 3050 ... 2.00....NO DATA_FOR
7102. l. l. l. 55.00 51.00 NG DATA F0R CASE
—_———— 11024 l... l.. ce2e .. 17450 ... 4.00___NO DATA_FOR CASE.
7102. l. l. 3. 3.50 4.00 NC DATA FOR CASE
7102 le leco— o 4e . .. 1450 _._....20.00. ..NC DATA FQOR .CASE .
' 71C2. 1. l. Se 0.50 31.C0 NG DATA FUR CASE
Y & 1 o WSROI [PUSI (IR (PN .5%.00 . ... 60.00 . NC DATA FCR CASE
7103. l. l. 2e 12.50 6.00 NC DATA FOR CASE
SRRy & ¥ ¢ 5> WU [PUUNII ¢ ISR Y 55.00 65.00 NC DATA FOR CASE
7105. l. 0. 2., 25.00 30.00 NG DATA FOR CASE
SRR & I ¢ |- TN (PR ¢ PSR 30 8.C0 ..—-93.00 NC DATA FOR CASE
7105. 2. 1. 1. 17.50 20.00 NC DATA FOR CASE
SSR———" () ¢ 1> 7N QTS S~ 3.50 5.00 . NO DATA FOR CASE
71C6. 1. l. 1. 55.C0 60.040 NC DATA FOR CASE
e L OO @ el e el i . 2w .. 150 ... 5.00 @ NC DATA FOR CASE
7104. 1. c. l. 60.00 -40,00 NG DATA FOR CASE
— 7108 e ini 2e i e R 70.00 ... .78.00 . NO.DATA FOR CASE
71064, 2. 1. 2. 12.50 7.00 NC DATA FOR CASE
e 160 e Y o el 1 70.00 .. 180.C0 . NC DATA FCR CASE
7401. l. l. 2. 7.50 24.00 NC DATA FOR CASE
7107 e e le o e . le ... T0.C0 .. .85.00 _ NC DATA FOCR
71017. l. la 2. 7.50 2.00 NO DATA FGR CASE
—_— 7108, . le . 1 1. 17.50 90.00 NGO DATA FUOR CASE
7109. l. . 1. 70.C0 40.00 NC DATA FOR CASE
e 1109 Ll le .06 L 2. 10.00 .. -105.00 . NC DATA FOR CASE .
71093. 2. l. 1. 7.50 30.00 NO DATA FOR CASE
U (5 I ¢ 1 DOU—— 2e iile . 2. . 0.50 . 19.00 NO. DATA FOR CASEC
T112. 1. l. 1. 7.50 18.00 NC DATA FOR CASE
oo 41124 e 1a . 2 1.50 1.00 = NG DATA FGR CASE
7111, 1. i. 1. 7.50 15,00 NG DATA FCR CASE
e 41106 o le O 1. 240.G60 —164.00 NC DATA_FOR CASE
7110. 2. O. l. 70.CO 44,00 NC DATA FOR CASE
SE———— 5 U 1 ¢ TSR PRSI ¢ DO 2. 35.00 .. . 4.00 NO DATA FOR CASE
T11¢C. 2. o. 3. 12.50 -12.00 NG DATA FOR CASE
S N—— 1106 o 3e i leo L 1le 35.C0 4.00 . NC DATA FOR CASE
7110. 3. l. o 24 12.50 12.00 NG DATA FUOR CASE
SN & 1 ¥ o U, DU (. Y 1.50 1.00 NG DATA rFCR CASE
T1l1¢C. 3. 1. 4 0.50 3.50 NO DATA FOR CASC
Ry (b U U USSR USRS S l. 12.50 - 9.00 NC DATA FOR CASE
7114. 1. l. 1. 12.50 25.50 NC DATA FOR CASE
—eee 711%4 e e o Qe 112.60 -C.01 NC DATA FOR CASE
7115, 2. i. l. 25.C0 38.C0 NC DATA FOR CASE
Y & 1 I WP (P (PO P 12,50 10.00 NC DATA FOR CASE .
7116, 1. l. 2. 1.50 26.00 NC DATA FCOR CASE
SRS TURNRY ¥ U U AFONRS IS S i. 25.C0 . 32,00 NG DATA FOR CASE
7118. 1. ) 0. C. O. NC HCLDS CCCUR

*BASIC COUNTDOW! TIME DATA WAS GIVEMN ONLY IM INTERVALS.
THEREFORE, TIME SHOWM (S THAT AT CENTER OF THE INTERVAL.

.
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¢ TABLE ID
»
. BASIC COUNTDOWN HOLD DATA
B *SBWBG
THOR DELTA
VEH NO ATTEMPT LAUNCH=1 HOLD NO TIME/CD LENGTH REASON
S e—geRUB=Q T T e =2 — A
1. 1. 0. l. 15.00 -28.00 GUIDANCE - CONTROL
1. 2. le Lo 7 715.00 7 T 5.007 WEATHER T T T T
2. l. C. l. 25.00 -23.00 PROCEDURE
2. 2. 0. ) I 1.17 16.00 RANGE ~ 7~
2 2. Q. 2. 2.00 -15.00 VEH PRCPULSION SYS
2% 3. 1. 1. —28.00 22.00 VEH PRCPULSIONTSYS ™
3. l. 1. 0. 0. c. NO HOLCS OCCUR
4, l. 1. 0. To. T 0. ‘NG HOLCS OCCurR =~ 777~ —
5 la 1. 0. O. C. NG HOLDS QGCCUR
6. 1. l. 1. 3.C0 2.0077RANGE T T T T
6. l. 1. 2. 8.CO 4,00 RANGE
7. l. 0. 1,777 30,007 777712700 T PROCEDURE T
Te l. q. 2. 9.00 -45.00 GRND SUPPORT EQUIP
1. 2. 0. 1. 2.00 =47.007 7 GUIDANCE - CONTROL "~ 7
Te 3. 1. 1. 12.00 37.00 VEHICLE
8. 1. 0. Tl.TT TS -60.00 7 'VEH PROPULSION SYS ~
8. 2. l. l. 8.00 5.00 RANGE
9. ie 0. 1. 6.C0 =1686.007 TVER PROPULSION SYS 7~
9. 2. l. l. 0. 45.00 VEH PRCPULSION SYS
10%. B Vs 1. 1. “13.007 T120.00 7 77 VEH PROPULSION SYS
10. l. le 2. 2.00 14.00 VEH PRCPULSION SYS
- 112 1.7 1. "0e TTTTTOL 0. NO HOLDS OCCUR T
12. l. l. l. 0.23 $.00 GRND SUPPORT EQUIP
—13% 1. 1% 1. 0.12 6.00 PROPELENT LOADING ~
l4. l. 1. 0. 0. 0. NO HOLDS OCCUR
154 1. P o T ¢ P 0. - NO HOLDS OCCUR o
16. l. l. l. 1.23 12.00 POWER
16. TTTle T 1 2. 7TTTT Q1T 7,00 T GRND SUPPORT EQUIP
17. l. le 0. 0. Q. NO HOLDS OCCUR
18.— 1. I 06 TTTTTOL,TTTTTTTTTTCLT NG HOLDS OCCUR
19. l. 1. O. 0. 0. NO HOLDS OCCUR
204 Tl T 0 T T LT T4 ,00 7T =28.00 T GUIDANCE - CONTROL
20. 2. le 0. 0. 0. NO HOLDS OCCUR
21. Tle T lSTTTTTTTT 0, T T 0 0% "NO HOLDS 'OCCUR
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TABLE V
LAUNCH SUCCESS DATA
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T - TIME OF SCRUB (MINS. BEFORE LAUNCH)
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